Welding is a process of joining the similar or different metals. Improper welding process leads to inaccuracies and misalignments of structural members, causing high cost and delays in work. Therefore, it is essential to predict the temperature field during welding process. Different techniques can be used to predict the temperature field, which may lead to structure distortion. The present study aims to develop a finite element solver for transient heat conduction analysis. The final solution is calculated from the assumed solution and compared with the numerical computations. The solver is then modified for use of moving heat source. The modification comprise, change in governing equations with the inclusion of phase change. The moving heat source continuously increases the temperature during motion. When the heat source completes a pass, model is allowed to cool down in order to study the temperature distribution during cooling.
INTRODUCTION
Finite Element Method (FEM) has proved to be a robust numerical analysis technique and a standard tool for engineers. It has eventually become an essential part or standard means for design, synthesis and modeling process in nearly all-engineering sciences [1] . Its usefulness is also evident from the fact that it is being used in many industries to solve difficult and multifaceted engineering problems. FEM uses a system of equations governing the domain with their discretization into simple geometric shapes. There are two type of systems, Continuous system and discrete system. In case of continuous system, the governing equations are either time dependent or time independent partial differential equations. Whereas, discrete system is based on ordinary differential equations. The region or domain is divided into finite number of elements linked at nodes. Equations are solved on each element to evaluate the unknown field variable.
In case of a thermal problem field the unknown variable is temperature for which FEM provides the approximate result.
The accuracy of result is dependent on the quality and density of mesh [2] . Unlike the finite difference technique, which imagines the arrangement space as a variety of grid point, the finite element method imagines the arrangement area as a development of non-overlapping and interconnected sub regions termed elements. Since these components/elements can be assembled in a number of ways, they can be utilized to represent complex shapes.
The problem domain being tackled in current research is heat transfer, which involves the study of thermal energy.
There are three modes of heat transfer: Conduction, Convection and Radiation. In conduction mode, which is area of our interest, the heat transfers as result of molecular interaction. The velocity of these molecules in a gas depends on temperature. However, in case of solid the phenomenon generates vibrations of molecules. Figure 1 shows an illustration of typical welding process. A liquid weld pool created due to powerful heat source can be clearly seen. Melting on the front side of the weld pool removes the boundary between two materials, while solidification on the back creates a joined part. The fusion zone is surrounded by a Heat-Affected Zone (HAZ), where the material is heated up to melting point. Some dramatic changes in microstructure and properties of the welding joint occur in the fusion zone and transformations in the HAZ.
Figure 1: Illustration of Welding Process
The demand for the automation increases with increase in the production and evolution of new structural designs.
Thermal problems and distortion can be studied through mathematical models and at the same time an in depth, study can provide solutions to these issues.
Literature Review
Rosenthal worked on the 2D and 3D welding processes and developed an analytical solution using Fourier partial difference equation. He introduced a moving coordinate system to develop solution for heat source. His work also includes the effect of welding parameters such as current, voltage and welding speed [4] . Shubhavardhan et al. worked on the friction welding using Aluminum alloy and stainless steel and revealed that changes in pressure effects the joint strength. Different tests like impact, tensile and fatigue test were performed for optimization of welding parameters [5] .
Michaleris et al. worked on the thermo-elasto-plastic finite element analysis and concluded that empirical work is in conformity with experimentation [6] . Sadat Ali et al. worked on the mechanical properties and its effect on welding parameters. Carbon, Sulphur and manganese are the major elements in studied alloy; any change in composition of elements affects the weldability. An experimental setup is generated for comparison between the parent and welded material [7] . Fukumoto et al. experimentally studied friction welding by using combination of aluminum and austenitic stainless steel and optimized materials' welding parameters [8] while, Sahin and Pullen used the carbon steel and austenitic stainless steel for detailed investigations [9] . Yokoyama and Ogawa published after their study of friction welding that since aluminum contains alloying elements in his used material so it is difficult to join these alloys with steel [10] .
Alves et al. worked closer to this research and provided a temperature monitoring procedure in dissimilar metal welds by using Thermocouple Data-Logger for attaining the temperature gradient. Different stages of welding at different heating rate and cooling are monitored [11] . Anderson described welding as a complex process, which brings in its complexities while dealing with fracture mechanics. The process introduces residual stresses and the welded portion along with heat-affected zone (HAZ) have different material properties as compare to base metal. Thus different stress strain responses affect the driving force for the crack [12] .
Gao et al. studied dissimilar metal weld and characterized the process into two categories first solid state joining process and high-energy beam welding process. The solid-state welding process was further divided into diffusion bonding, friction welding, explosive welding and friction stir welding. The high-energy beam welding processes were further expanded to electron beam welding and laser welding. Both the welding methods have high energy density and controllable position of heat [13] . Sahin and Mumin studied interface of steel welded joints and reported problems in friction welding such as chromium carbide deposition on grain boundaries etc. These problems are overcome through use of friction welding [14] .
Used Welding Processes
Shielded metal arc welding (SMAW) is also known as metal arc welding. Electric current is used to join the base material and the electrode rod, which is made of base material thus no other filling material, is required. Figure 2 shows a clear process of Shielded metal arc welding.
Figure 2: Shielded metal arc welding
Metal Inert Gas also known as Gas metal arc welding (GMAW). In shielded metal arc welding the shielding gas, affect the weld shape, arc stability, surface tension etc. so to overcome a metal inert gas is used. It is a continuous welding process where consumable wires are used. The detailed process of Gas metal arc welding is shown in Figure 4 illustrates the process, which can be completely automated.
Figure 4: Submerged arc welding
Gas tungsten arc welding (GTAW) as shown in Figure 5 is a manual process that uses a non-consumable terminal made of tungsten, semi-idle gas blend, and a different filler material. The process can be utilized on almost all weld able metals; however, regularly used for stainless steel and light metals for quality welds. \There are non-uniform warming and cooling cycles in the welding process, which causes complex warm strains.
Generally 
Thermal Analysis and Welding Process
Welding is a procedure with severely native heating to high temperature and fast cooling at short times. The temperature changes depend on the time and area, while the mechanical properties are effected with melting, temperature and stage changing. As a fact weld affected, temperature field examination, is a problem from the nonlinear transient heat transfer domain. In the welding procedure, the temperatures of various parts of the weldment differ gigantically because of the nearby warming. Subsequently, warm exchange occurs both inside and between the weldment and encompassing area. Heat transfer can be assembled into 3 general classes:
4.1 Conduction: In this case, more prominent sub-atomic active energy, passes their warm energy to districts with less sub-atomic energy through direct sub-atomic impacts. The heat transfer through conduction is specified by the 
Material's Thermal Properties
Material properties such as thermal conductivity, elasticity modulus and specific heat are affected by change in temperature. In welding process, the material properties depend on the temperature. Studying about these fundamental properties will benefit in material selection, which can tolerate the extreme temperatures. Every material has distinctive rate of heat flow. If the heat flow through the material fast, then material conductivity increases with rate increase. Conductance is the property that relies on both the material and its thickness. Numerous strong building materials are broadly available in standard thicknesses therefore; it is valuable to know the heat flow rate for the standard thickness. Thermal capacity is the ability of a material to store heat. The more significant it becomes if more warmth can be stored in a given volume for each level of temperature increment. Thermal capacity for a material is acquired by taking the result of thickness and particular warmth. [15] Many researchers have worked on the temperature dependent properties of a material. Filedian also worked on the temperature dependent properties as shown in Figure 6 . The material used in the present work is stainless steel, which is commonly being used in food, aerospace, high quality automotive, and refrigeration equipment industries etc. The material comprises 
TRANSIENT HEAT CONDUCTION
The features that portray a specific element type are, number of nodes and number of nodal variables assigned to an element. The nodal variables assigned to an element are also referred to as the degrees of freedom for an element.
Figure 7:
One dimensional line element [16] and 2D rectangular element 
Iso parametric Formulation
These are useful in shape functions because they meaningfully reduce the process of integration and always confirm that we have integrals in terms of natural coordinates, which are fixed over boundary. It is easy to distort elements because the distorted elements can be used to put up any geometry that can be practically used. 
Solution of Governing Equation:
The 
Heat Source
In our problem of transient heat conduction, the heat source is moving, thus, the heat energy remains constant.
However, in welding process the central location of the heat source varies with time. In the finite element model, the heat source is applied and model is modified. The functional parameters of the heat source location are varying with time. There is presence of heat convection, on the outer surface of the model but the nodes that are present inside the model are exposed to heat flux. The main idea here is to vary the time within a loop. The calculated results for the present time step are the initial conditions for the next step. Therefore, in every time step the location of the heat source changes and this is how the moving heat source is simulated. After the removal of heat source, the maximum temperature region expands which shows that the temperature tends to distribute itself evenly in the domain. However, the overall maximum value of temperature in the domain decreases with time. These results can be clearly seen in Figure 11 . As seen in the temperature distribution, the front of the heat source is very compact whereas at the rear end of the heat source the temperature distribution is less as compare to the front. The contour shape can be seen as ellipsoids. When the heat source is removed then the contours that show temperature distribution starts to widen. Up to 1900 seconds, the temperature gradually decreases and almost reaches a value of 900 o C. If the model is further allowed to cool, the temperature will further drop with similar behaviour.
RESULTS ANALYSIS
When the model is allowed to cool down after, the moving heat source has completed its pass. The temperature distribution during the cooling process is shown in Figure 13 . The analysis reveals that temperature starts decreasing at a much slower pace and reaches a certain lower value after a very long time. 
CONCLUSION:
This work has been done to develop a solver. Using the solver thermal analysis for the welding process can be analyzed. In present day with advancement in technology, welding process has become critically significant. Welding is of great importance in industries, such as, automobile and aviation. It is essentially the joining of metals with similar or dissimilar materials. The finite element model is developed for the transient thermal analysis. The model is validated through various problems as shown in the preceding paragraphs. The heat flux is computed utilizing the thermal analysis governing equation. The solver is then updated for the welding assessment with moving heat source. The modification incorporates the adjustment with the consideration of phase change. The temperature distribution can be analyzed during the welding process. With a moving heat source, it is observed that the temperature is rapidly increases followed by a gradual rise. However, when the heat source is removed the temperature decreases at a much lower pace.
